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Chapter 1 
INTRODUCTION 
Background 
Of ail the large array of stimuli the auditory pro­
cess has to discriminate, certainly the most important is 
speech. An important part of the complete assessment of 
hearing acuity includes evaluation of the subject's responses 
to speech as a stimulus (Myatt and Landes, 1963). The dis­
crimination of speech, besides being important for communi­
cation, has clinical and diagnostic significance for the 
audiologist. Although there are many inherent theoretical 
and practical difficulties in speech discrimination testing, 
the recent proliferation of interest and research (comparing 
the number of entries in the DSH Abstracts on speech dis­
crimination for the past two years to previous years) 
attests to an increased interest in its clinical and diag­
nostic significance. 
Whereas pure tone stimuli, as used in conventional 
auditory testing, are stable as to frequency and intensity,, 
the speech stimulus changes constantly, not only with respect 
to frequency and. intensity, but also in relation to rate, 
rhythm, and duration--a complex pattern of formation and 
integration which gives speech discrimination clinical and 
1 
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diagnostic significance (Hirsh, 1952). For example, Bocca 
and Calearo (1963) state that it is this complexity that 
makes speech discrimination testing appropriate for diag­
nosis of disorders of the central auditory system, one of 
whose functions is to organize simultaneous or successive 
elements into definite patterns. 
Besides the inherent difficulties in speech dis­
crimination testing due to the coraplexity of the speech 
stimuli themselves, standardization is often lacking both 
as to materials and methodology. Lack of standardization 
of discrimination testing is especially true in the testing 
of children since most of the work in the area has been done 
on adults. Kruel et al. (1969) stress the point, that dis­
crimination test standards are only applicable for the spe­
cific set of conditions and population of listeners repre­
sented in the standardization of the test. Research by 
Kruel et al. (1969) showed that, in speech discrimination 
test development, as in an intelligence test development, 
selection of a speaker, his specific set of utterances, a.nd 
deliberately introduced distortion will all interact to 
determine the level of test difficulty. Myatt and Landes 
(1963) state that most discrimination tests have been 
standardized largely on adult populations, using most fre­
quently the "phonetically balanced (PB) list of'words." 
Shepherd (1971) states that, unfortunately, speech dis­
crimination testing with the young child is not currently 
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practiced to any significant degree in clinics, possibly due 
in part to the fact that there is no standardized material 
available to make such measurements with young children two 
to five years of age. Also, Goldman et al. (1971) report 
that most available discrimination tests are of limited use 
for very young children of preschool and primary age levels. 
They feel this is unfortunate because, ideally, auditory 
discrimination testing should be focused on the preschool 
and primary age levels; however, the nature of the judgment 
required, the type of stimulus material employed, and the 
demands on vocabulary, comprehension, and attention make 
most tests too difficult or impossible to use with children 
in this age group. 
Most tests of auditory discrimination are based on a 
measure of discrimination abilities under quiet conditions. 
Kruel et al. (1966) state that measurements of discrimination 
performance with masking noise are probably more valid than 
when speech is presented in quiet because spoken communica­
tion often takes place in noise; further, Kryter et al. 
(1962) demonstrated that the presence of noise in the listen­
ing environment affects test performance of subjects differ­
ently. Cooper and. Cutts (1971) tested 16 normal-hearing and 
15 sensorineural-impaired subjects using the NU Auditory 
Test No. 6 presented in cafeteria noise at S/N ratios of 4, 
6, and 12 dB. They stated that the wide range of varia­
bility in scores demonstrated by both groups indicates the 
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importance of determining a patient's discrimination poten­
tial in noise. 
Two recently developed auditory discrimination 
tests, the Modified Rhyme Test (MRT) and the Goldman-Fristoe-
Woodcock Pictorial Test, employ controlled noise. 
Kruel et al. (1966') assembled the MRT in such a way 
as to be a useful clinical discrimination test. The MRT 
consists of six different lists, each containing 50 familiar 
monosyllabic words with answer sheets being in multiple-
choice form with six words per ensemble. Three speakers, 
two males and one female, present the lists, each speaker 
presenting a different form of the test. There are two 
tapes for each of the three speakers, each tape having four 
lists. Using 36 young male and female college students with 
normal hearing, the four lists were presented at different 
S/N ratios selected so as to produce different reference 
levels of speech discrimination of approximately 96, 63, and 
75%. Also, when used with masking noise, Kruel et al. state 
the MRT is capable of rank-ordering patients according to, 
their ability to discriminate speech in everyday listening 
situations. The MRT materials have certain advantages: 
they are recorded on tape, provide ease of scoring, have 
the possibility of generating confusion matrices, and have 
word lists that provide controlled S/N ratios for each of 
three speakers. It is stated that the items and test format 
were designed specifically to be simple enough for a wide 
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subject age and ability range. However, the responses 
require that the individual taking the test know how to 
read—thus making the test impractical for preschool and 
primary age levels. Also, standards of the test were 
developed with young male and female college students, this 
acting as a possible limiting factor as to the population 
to which the test can be applied or as to test interpreta­
tion with other kinds of subjects. 
Goldman et al. (1971) recently developed a picture 
auditory discrimination test designed for a wide age group-
four years to adult. Normative data have been established 
consisting of percentile norms for various age ranges, as 
well as a comparison of performance of children in different 
diagnostic categories such as learning disabilities, delayed 
speech, mentally retarded, educationally handicapped, and 
culturally disadvantaged. The test consists of three parts: 
(1) a training procedure, (2) a quiet subtest, and (3) a 
subtest in noise consisting of modified cafeteria noise at 
a S/N ratio of 9dB. The authors state that the test can be 
used to study normal development and to seek etiological 
and contributory factors in disabilities in speech, language, 
reading, and learning. The test purportedly minimizes the 
influence of variables such as abstractness of materials or 
familiarity with vocabulary and illustrating used. 
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Statement of Purpose 
Goldman et al. (1971) and others point out that 
children at a "very earl}/- age" begin to learn to recognize 
differences in meanings of words, even though the words may 
vary by only a single phoneme and contextual cues may be 
absent or ambiguous. Although children cannot describe 
phonemic variation between two words or sounds, they can 
make correct responses on the basis of some type of auditory 
discrimination. 
In the published literature, the Goldman-Fristoe-
Woodcock Test (G-F-W Test) of Auditory Discrimination 
appears to be the only discrimination test standardized for 
preschool or primary age children which utilizes listening 
in a controlled noise background. The G-F-W Test uses noise 
for only one S/N ratio. Because it seems likely that chil­
dren's discrimination responses might vary at different S/N 
ratios, there appeared to be a need to study children's 
responses under a variety of noise conditions; therefore, 
this study employed four S/N ratios. 
This study was designed to gather data on normal 
children's responses to discrimination testing at four S/N 
ratios of +30 dB or "quiet," +10 dB, 0 dB, and -5 dB. It 
is expected that these data will be a helpful addition to 
the normative data on children's discrimination response 
in a controlled noise background. Further, such normative 
data has immediate applicability to clinical situations; 
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e.g., at Denver Children's Hospital, where similar data 
using Phonetically Balanced Kindergarten (PBK) word lists 
in a follow-up study of neonatal high-risk children were 
being obtained at the time of this study. Also, at the 
University of Montana Speech and Hearing Clinic, there is 
often a need to test certain children under various complex 
listening situations, but it has not been done because of 
the lack of normative data. 
Statement of the Problem 
Speech audiometric methods have become significant 
diagnostic tools. However, a review of the literature 
related to discrimination testing reveals two general 
limitations. One is that most of the work with discrimina­
tion testing has been done oh adults. Secondly, most of 
the discrimination studies have been done under "ideal" 
conditions, i.e., as quiet as possible. 
The above two mentioned limitations of discrimina­
tion testing suggested the value of a study of normal 
children's discrimination responses to words in noise.. In 
this experiment, PBK. word lists were used because they were. 
standardized on children and because they are often used in 
speech ana hearing clinics. 
The central question is: Will normal children's 
auditory discrimination responses in noise under.standardized 
testing conditions show a statistically significant difference 
8 
according to age and according to S/N ratios? The experi­
menter hypothesized that normal children's responses would 
shov/ a statistically significant difference according to 
task (S/N ratios) and according to age. 
Chapter 2 
PROCEDURES 
Instrumentation 
All recording and testing was done in an Industrial 
Acoustics Corporation audiometric testing suite, model 
1204 A-CTR. 
A Memorex 1.5 mil x 1200 tape was used for the 
recording of the 4 S/N PBK test lists at a tape speed of 
7ri in./sec. (IPS). A Grason-Stadler Audiometer, model 1701, 
was used for monitoring the speech and for generating the 
white noise, as well as for providing playback of the lists 
monaurally through a Grason-Stadler earphone, model TDH49-102. 
The test lists and white noise were fed onto two separate 
tracks of a Sony TC-105 4-track tape recorder connected to 
the audiometer. A Sony TC-366 Solid State Three Head Stereo 
tape recorder allowed for the combining simultaneously of 
the two tracks back through the earphone during the auditory 
discrimination testing. 
Four PBK lists (see Appendix B) consisting of the 
same words, the original PBK list 1 plus three scrambled 
versions of PBK list 1, were prepared. Only PBK list 1 was 
used because research could not be found verifying that the 
original three PBK lists were eo^ally phonetically balanced 
or had equal discrimination characteristics. 
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A Sony TC-105 tape recorder was used in recording 
the four discrimination lists. A two-track system was 
utilized: one track for recording the four discrimination 
lists, and one track for recording the four noise levels. 
A 1,000 Hz calibration tone of 60 dB HL and 67-6S dB Spl 
(see Table 2 ) was placed at the beginning of each of the two 
tracks. 
In producing the four discrimination lists, each 
phrase and its response period was allotted five seconds, 
and, insofar as possible, there were five seconds between 
homologous points of any two test items. The speaker, using 
a Tektronix Type 422 oscilloscope, monitored the time 
intervals by watching a trace that was recycled every five 
seconds. The carrier phrase together with the test xvord 
took approximately 2\ seconds. This was followed by ap­
proximately a 2g-second silent interval before the start of 
the next utterance. 
Each word was uttered after the carrier phrase "You 
will say ." Emphasis was placed upon typical, rather 
than exaggeraged, articulation. The speaker for the four 
lists had audiology-clinic experience and spoke General 
American English. 
The speaker monitored his level of speech with a 
VU meter, and attempted to peak the word "you" in the carrier 
phrase at a constant VU reading of 0 with less than a +1 dB 
variability. The test word was not monitored, but was produced 
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"naturally" by attempting to use a constant speaking effort 
consistent with the carrier phrase. 
All recorded lists were subsequently judged to be 
free of articulation and distortion abnormalities by pre­
senting them freefield without masking noise accompaniment 
in the hearing suite to a panel of five graduate students 
in speech pathology and audiology. 
When recording the discrimination lists, the VU 
meters on both the audiometer and the TC-105 tape recorder 
were adjusted to peak approximately at 0 when the hearing 
level (HL) dial on the audiometer was set at 60 dB. When 
recording the white noise, the VU meter on the recorder 
was adjusted to 0 when the audiometer's dial was set at 
60 dB. This 0 setting on the recorder was held constant 
throughout the recording of the 4 noise- levels. The HL dial 
on the audiometer was then adjusted accordingly for the 
noise output to produce the desired S/N ratios. For example, 
the +10 dB S/N list was obtained by setting the HL dial at 
50 dB for the recording of the white noise. For the other 
S/N ratios of +30, 0, and -5, HL values of 30, 60, and 65 dB 
respectively were used. The noise level'' was held constant 
throughout each of the lists. 
The author feels that, at least to some extent, the 
^Kruel et al. (196$) found that removal of the noise 
during the silent intervals within tests was distracting 
enough to draw the listener's attention away from the test 
word itself. 
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HL values used in obtaining the desired S/N ratios may have 
been artifacts from the interactions of the various equip­
ment used in the experiment. Therefore, it should be stressed 
that the SPL values in Tables 1 ana 2 are of critical impor­
tance . 
Tables 1 and 2 contain the SPL output values for all 
four auditory discrimination lists measured at the earphone 
for speech and for white noise. Both the speech and the 
white noise were measured individually and together. The 
SPL values were obtained and analyzed by using a Bruel & 
Kjaer (B&K) Sound Level Meter, type 2203, in order to assure 
the desired S/N ratios. The B&K Sound Level Meter was it­
self first calibrated with a B&K Pistonphone, type 4220. 
Table 2 shows the SPL and HL values 'at which each 
of the auditory discrimination lists were presented to the 
subjects. The +30, +10, and 0 dB S/N lists were presented 
to the subjects at approximately 60 dBSp}_. Because it was 
felt that the -5 dB S/N list presented a relatively more 
difficult listening task than the other auditory discrimin­
ation lists, the -5 dB S/N list was given at approximately 
70 dBspl to allow the children a possibly greater advantage. 
Subjects 
Sixty girls were used in the study--20 four-year-, 
olds, 20 five-year-olds, and 20 six-year-olds. A five-
month span was maintained between the extremes of each of the 
three age groups: the 4-year-olds were from 4 years, 3 
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Table 1 . SPL for speech and for white noise as a function 
of S/N ratio at the earphone. 
S/N Ratio 
'SPL for 
Speech (dB)a 
SPL for 
White Noise (dB) 
+30 96-9£>b 67 
+10 66-67 $8-59 
0 64-6$ 66 
-5 61 -62 63 
aSPL was measured as the average of the "peaks" for 
the individual phrases. 
^The higher SPL value for speech for the +30 S/N 
ratio exists because it was necessary to increase the HL in 
order to obtain a measurement of the low level (30 dB) of 
white noise used in the list. 
Table 2. SPL and HL of calibration tone and combined speech 
and noise signals at the earphone. 
Output HL (dB) SPL (dB) 
1K Hz calibration tone 60 67-68 
+30 S/N list 60 $9-60 
+10 S/N list 60 59-60 
0 S/N list 60 62-63 
-5 S/N list 65 68-69 
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months through 4 years, 9 months with a mean age of 4 years, 
7 months; the 5-year-olds were from 5 years, 3 months through 
5 years, 9 months with a mean age of 5 years, 7 montxhs; and 
the 6-year-olds were from 6 years, 3 months through 6 years, 
9 months with a mean age of 6 years, 5 months. 
The requirements for each child were that she have 
normal hearing and normal health and development. Normal 
hearing was determined by screening the right ear at 10 dB 
at 500 Hz, 1K Hz, and 2K Hz since only the right ear was 
evaluated for the experiment. Two children were replaced 
who failed to pass the screening test. Normal health and 
development were determined by posing the question of normal 
health and development to the parents (see Release Form, 
Appendix C). Several parents brought up typical childhood 
diseases which the experimenter did. not consider signifi­
cant for exclusion of the child from the experiment. One 
child was replaced in the study because the mother stated 
that the child was born prematurely and was hyperkinetic. 
Experimental Procedure 
An effort was made to minimize those variables which 
were likely to affect the discrimination scores. Before 
each subject took part in the study, the author calibrated 
both the discrimination list and noise tracks. The +30, +10, 
and 0 dB S/N auditory discrimination lists were played to 
the subjects at a hearing level of 60 dB. The -5 dB S/N 
auditory discrimination list was played to the subjects at 
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a hearing level of 6$ dB. The time required for completing 
the entire test, including instructions, varied from 20 to 
30 minutes. 
Reinforcement and reward were administered on a 
scheduled basis throughout the experiment. Before the start 
of the experiment, each child was shown a surprise box from 
which she could draw a reward at the end of each of the 
lists. Also, each child was informed at the beginning of 
the experiment that at the end of the entire test, she 
would receive another special surprise. Halfway through 
each list, the experimenter stopped the list presentation 
and gave verbal reinforcement. 
Each child was first taken into the experimenter's 
side of the suite and was told that this was where he (the 
experimenter) would sit and that she would sit in a room on 
the other side of the window, that she would see the experi­
menter through the window, and that she and the experimenter 
were going to play word games. 
Then the child was taken to the adjoining room and 
seated in the chair in front of the one-way window. It was 
explained to the child that the games were going to be, even 
more fun since earphones were going to be used through 
which she could hear the experimenter talking, and through 
which she could hear the experimenter's "birds" (pure tone 
screening test signals). 
The author administered .the pure tone s'creening test 
to the right ear. Once this was completed, a practice 
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session by live voice was conducted using several PBK words 
until the author was satisfied that the child understood 
the instructions and was responding properly. Usually a 
practice session of five words or less was sufficient to 
orient the child. The only problem encountered in the 
training sessions was to get the children to repeat back the 
test word rather than the entire carrier phrase along with 
the test word. The auditory discrimination lists were then 
administered. (See Appendix A for instructions used for the 
screening and auditory discrimination tests.) 
During the test presentations, if there was a ques­
tion of interpretation of the child's responses on the 
experimenter's part, he stopped the tape and. asked the child 
to repeat what she had just said. If it appeared the child 
was not going to respond in the time allotted during the 
silent interval, the experimenter stopped the test tape to 
give the child additional time. 
With three of the children, the experimenter ques­
tioned. whether response errors were due to faulty discrim­
ination or misarticulation. With- each of these children,, 
the author based his final judgments of the responses on the 
consistencies of the errors in the +30 d.B S/N discrimination 
list ana on an informal articulation test administered after 
completion of the entire auditory discrimination sequence. 
Four data sheets, one for each of the four S/N dis­
crimination lists, were kept for each child (see Appendix D). 
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Each subject received the four tests in the same order, from 
the easiest listening condition to the most difficult listen­
ing condition, i.e., +30 dB S/N, +10 dB S/N, 0 dB S/N, and 
-5 dB S/N. 
Statistical Design of the Experiment 
The experiment was such that it lent itself to a 
Type 1 design (Linclquist, 1953), which is a mixed two-factor 
(AXB) analysis of variance design in which each of the A 
treatments (signal to noise ratios) in combination with 
any one B treatment (age) is administered to the same sub­
jects, but with each B treatment (age) administered to a 
different group of subjects. The author feels that the 
Type 1 design offers a precise and efficient experimental 
design for statistical analysis. A confidence interval of 
5/c was adapted prior to analysis of the data. 
Chapter 3 
RESULTS 
Organization of the Data 
The results obtained in this investigation were 
evaluated by means of an analysis of variance technique. 
The analysis involved consideration of two factors: 
(1 ) three discrimination lists of +30 dB, +10 d.B, and 0 dB 
S/N ratios; and (2) three age groups of children from 4 
years, 3 months through 4 years, 9 months; 5 years, 3 months 
through 5 years, 9 months; and 6 years, 3 months through 
6 years, 9 months. The scores from the -5 dB S/N discrim­
ination list were not included in the analysis of variance 
because the scores were very low for all ages, and because 
not all the children were given this list for reasons which 
will be discussed later. 
The analysis of variance of these data is given in 
Table 3. Table 4 indicates the number of subjects, the mean 
discrimination scores, and the standard deviation for each 
age group at each of the S/N ratios. All the values for the 
various statistics were obtained from the raw data presented 
in Appendix E. 
The results of the analysis of variance indicate 
that there are statistically significant differences at the 
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Table 3. Analysis of variance of age and signal to noise ratios. 
Source 
Degrees of 
Freedom 
Sum of 
Squares 
Mean 
Squares F Ratio 
Between Subjects . • 59 14,470.571 
Interaction between ages . . 2 43 9•644 21 9.822 0.893a 
Error between ages .... . • 57 14,030.927 246.157 
Within Subjects . 120 1 65 ,869.339 
Interaction between S/N 
ratios 2 163 ,645.377 81 ,822.668 431 .741b 
Interaction between S/N 
ratios and age . . 4 618.889 154.722 0.816a 
Error within subjects . . . 114 21,605.073 189.518 
TOTAL . . 130 200,399.91 0 
aNonsignificant at the 5% level of confidence. 
^Significant at the 5% level of confidence. 
20 
Table Number of subjects, mean discrimination scores, 
and standard deviation for each age group at 
each signal to noise ratio. 
Ages 
Signal to Noise Ratios 
+30 dB + 10 dB 0 dB -5 dB 
4.3 N=2 °a N=20 N=20 N=6 
through X=90.40b X=55.6 X=15.4 X=84 
4.9 S=6.73c s=22.07 s—11.43 s-3.5^ 
5.3 N=20 N=20 N=20 N=1 B 
through X=90 X=58.50 X=16.3 X=2.8 9 
5.9 s=8.991 s=18.26 s=10.64 s=2.3 0 
6.3 N=2 0 N=20 N=20 N=1 9 
through X=89.50 X=65.30 X=17.80 X=4.53 
6.9 s=g.751 s=21 .36 s=12.14 s=5.2S 
aN=number of subjects. 
X=mean discrimination score. 
cs=standard deviation. 
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5% level of confidence between mean scores obtained from each 
of the S/N discrimination lists. However, the experiment 
was so designed that these differences would occur. The main 
interest of the experiment was the hypothesis that there 
would be a significant difference between means for each of 
the age groups at each of the different S/N ratios. This 
hypothesis had to be rejected at the 5f0 level of confidence 
in that there were no significant differences between the 
age group means at the different S/N ratios. 
Chapter 4 
DISCUSSION 
The central question of this study was whether 
normal children's auditory discrimination responses in 
noise under standardized testing conditions would show a 
statistically significant difference as a function of age 
and as a function of S/N ratios. Although children at a 
very early age make auditorily correct responses on the 
basis of some type of speech sound discrimination, little 
auditory discrimination testing has been done at the pre­
school and primary age levels, primarily because most tests 
are too difficult to use with children in these age groups. 
Of special interest was the provision for studying the 
effects of different levels of noise on discrimination 
performance, an area of increasing emphasis. It is hoped 
that the data obtained in this study will be a helpful 
addition to the normative data on preschool and primary age 
children's auditory discrimination responses in a controlled, 
noise background. 
Subjects 
Administration of a discrimination test such as the 
PBK lists requires the subject to give a verbal response 
which the examiner must evaluate in terms of accuracy with 
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respect to the presented stimulus. Myatt and Landes (1963) 
discuss the problem which arises if a child is immature or 
has an articulation defect, the difficulty being in the 
evaluation of an erroneous response in terms of whether the 
child failed to discriminate the stimulus correctly, or 
whether he simply is not repeating it correctly. Because 
research has shown that girls of preschool and primary age 
are ahead of boys of this age in articulation, only girls 
were used to help control for the discrimination versus 
articulation problem. As the author mentioned earlier, only 
with three children out of 60 did this problem arise. 
Also, it was the intent of the experiment that an 
effort be made to select children from other than a "special" 
segment of the population. Although eleven of the 60 chil­
dren came from the married student housing complex at the 
University of Montana, the other 49 children were obtained 
through contacts in the community, eight day-care centers, 
and three kindergartens. 
Instrumentation and Procedure 
All PBK auditory discrimination lists were presented 
monaurally so as to avoid interaction between ears and. the 
phenomenon of central masking (Treisman, M., 1963 and Dirks 
and Malmquist, 1964). The right ear was used because pre­
vious research shows that it is typically the dominant1ear 
for speech or linguistic analysis (Kimura, Doreen, 1961; and 
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Broadbent, D. E., and Gregory, Margaret, 1963). 
The author mentioned in Chapter 2 that each subject 
received the four tests in the same order, from the easiest 
listening condition to the most difficult listening condi­
tion, i.e., +30 dB S/N, +10 dB S/N, 0 dB S/N, and -5 dB S/N. 
It was realized that this created the possibility of an 
order effect, but counterbalancing the S/K presentations 
presented too many problems to make it practical, and ran­
domizing the order of presentation, it was thought, would 
create a greater problem than it would, resolve for the child, 
who might have to begin with the -5 dB S/N auditory discrim­
ination list. Therefore, the listening tasks were presented 
from the easiest (+30 dB S/N) to the most difficult (-5 dB 
S/K). 
The total task for each child took from 20 to 30 
minutes. The author was concerned, that boredom and/or 
fatigue would affect the results of the study. Using only 
half-lists or providing a rest period 'midway through the 
task were considered; however, half-lists create the prob­
lem of maintaining interlist phonetic balance, and a break 
midway through the experiment posed the possibility of a 
child not wanting to return to the task. Furthermore, after 
running trial subjects, it was the experimenter's opinion 
that children obtained as many correct responses at the ends 
of the lists as at the beginnings of the lists. 
The -5 dB S/N list proved to be a difficult, listening 
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task. It was obvious to the author that many of the 4-year-
olds were either incapable or unwilling to respond to the 
-5 dB S/N list without developing a feeling of frustration. 
The author, therefore, made a clinical decision not to 
administer the -5 dB S/N discrimination list to fourteen of 
the 4-year-olds, two of the 5-year-olds, and one of the 
6-year-olds. 
Statistical Design of the Experiment 
The analysis of variance used in the experiment and 
discussed in Chapter 2 revealed statistically significant 
differences in discrimination in scores as a function of 
differing signal-to-noise ratios. However, this was expected 
as the S/N ratios were chosen a priori to result in signifi­
cant differences in children's auditory discrimination scores. 
Of greater interest was the lack of predicted statistical 
difference between age groups at any of the tested S/N 
ratios. The data revealed no significant differences in 
auditory discrimination scores between the three age groups 
and each of the employed signal-to-noise ratios. 
Of interest, however, are trends in the data which,, 
while not statistically significant, the author considered 
•noteworthy because they are apparent and in the expected 
direction (the older the age group, the better the scores). 
Of particular interest is the observable spread between the 
three age groups in mean discrimination scores at the 
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+10 dB S/N ratio. The mean auditory discrimination scores 
for the other three S/N ratios (+30, 0, and -5) as a func­
tion of age are very similar (see Figure 1 ). It appears to 
the author that the +10 dB S/N auditory discrimination list 
was most sensitive to differences, although not statisti­
cally significant so, between age groups. 
Also of interest are trends in the standard devia­
tions for each age group at each S/N level (see Figure 2). 
Again of particular interest is the +10 dB S/N list which 
has the largest standard deviations, for each of the three 
age groups, of any of the S/N ratios used in the study. 
Therefore, the S/N ratio where there is an observable differ­
ence in mean discrimination scores between age groups is 
also the S/N ratio at which there exist the largest standard 
deviations for each of the age groups. Another phenomenon 
which is apparent is the similarity of the standard devia­
tions for all age groups at each of the individual S/N 
ratios. 
Looking at the S/N ratios used as a continuum with 
the +30 dB S/N ratio and the -5 dB S/N ratio at either end, 
it appears that if differences in auditory discrimination 
skills between the tested age groups do exist, the differ­
ences will show up best at the S/N ratios which allow for 
the greatest variability in scores, i.e., less than a +30 dB 
S/N ratio and greater than a -5 dB S/N ratio. It is the 
author's opinion that S/N ratios of even greater than 0 
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should be used to look for differences in auditory discrim­
ination performances between age groups of children. It 
seems to the author that on a continuum, at somewhere around 
a +10 dB S/N ratio, variability will be greatest, and that 
as S/N ratios progress toward +30 dB or -5 dB, a smaller 
variability in scores results, and possibly less sensitivity 
to whatever factors children possess to make up their par­
ticular auditory discrimination abilities. The author sees 
this as a reason for testing children's auditory discrim­
ination responses somewhat above and below a +10 dB S/N 
ratio to find, ratios which will result in the greatest 
variability in auditory discrimination scores. The +30 dB S/N 
list seems to be a listening task of too easy proportions to 
allow for any differences in mean auditory discrimination 
scores among children of the three chosen age groups; while, 
on the other hand, a -5 dB S/N list seems to present a 
listening task of such difficult proportions that it did not 
allow for differences or variability of mean auditory dis­
crimination scores among the three age groups of children • 
in this study.. 
Recommendations 
This study dealt with the interactions, between age 
and S/N ratios for normal children's discrimination'respon­
ses. It was an experimental clinical study in auditory 
discrimination under difficult listening conditions. The 
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author would make the following recommendations: (1) Repe­
tition is needed of similar auditory discrimination tasks 
under noise conditions because of the many variables which 
can interact to determine the level of the task difficulty 
(Kruel et al., 1969); (2) Children with other than normal 
health and development should be tested with similar audi­
tory discrimination procedures for comparative and possibly 
diagnostic significance; (3) Some way of shortening the 
test procedure (for example, by using half-lists, but still 
maintaining test validity) would, in the author's opinion, 
make testing as done in this study more feasible for pre­
school and primary age children; (4) Apparent trends between 
age groups, especially at the +10 dB S/N level, although 
in this study statistically nonsignificant, should be fur­
ther investigated by including more age groups, say 7- and 
6-year-olds; (5) Possibly a more comprehensive screening 
procedure should be used, especially in relation to chil­
dren who have allergies, adenoids, or other problems which 
could create a conductive hearing loss even though they may 
pass a screening test; (6) The author feels that more per­
tinent information about children's discrimination abilities 
can be found by using S/N ratios below +30 and above 0 
which, in this study, appeared to allow for greater varia­
bility in mean discrimination scores between age groups. 
Chapter 5 
SUMMARY AND CONCLUSIONS 
An investigation was made to determine whether nor­
mal children's auditory discrimination responses in noise 
would show statistically significant differences between 
three chosen age groups and four controlled S/N ratios. 
Sixty 4-j 5-, and. 6-year-old girls who had normal 
hearing, and who gave evidence of having normal growth and 
development were used in the study. Each child was given 
four discrimination lists of 50 PBK words, one list each 
at +30 dB, +10 dB, 0 dB, and -5 dB S/N ratios. 
The results obtained were evaluated by means of a 
mixed two-factor analysis of variance technique. The 
results of the analysis of variance indicate, as predicted, 
a statistically significant difference in the results 
between signal-to-noise ratios. Of more interest was the 
lack of expected interaction between age groups and the S/N 
ratios. Statistical analysis revealed no significant dif­
ference between age groups and signal-to-noise ratios. 
Interesting trends, although statistically insig­
nificant, were pointed out and discussed. Recommendations 
for further studies of a similar nature were stated'. The' 
study, it was expected, would provide a helpful addition to 
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the normative data on preschool and primary age children's 
auditory discrimination responses in a controlled noise back­
ground . 
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Appendix A 
INSTRUCTIONS FOR THE SCREENING AND 
DISCRIMINATION TESTING 
Instructions Given for the Pure Tone Screening Test 
I have three birds I want you to listen to: a mama 
bird, a daddy bird, and a baby bird. When you hear my birds, 
I want you to raise your hand really high. However, my 
birds are very quiet so you must listen very carefully. 
Remember to raise your hand really high as soon as you hear 
the birds. 
Instructions for Discrimination Testing 
Training procedure. We're going to play some word 
games. I'll tell you to say a word, and. you say it back to 
me. Let's practice. 
+30 d.B S/N list. Now that you know how to play, 
we'll start. Sajr the words back to me just like you have 
been. Pretty soon I'll tell you to take a surprise. 
+10 d.B S/N list. Now we're going to do the same 
thing again; however, this time it's going to be even more 
fun and tricky because the wind is going to blow at'the same 
time. Just don't pay any attention to the wind and say the 
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words back to me as you did before. Pretty soon it will be 
time for another surprise. 
0 dB S/N list. You're doing very well. This time 
my voice is going to be even quieter. If you're not sure 
•what I ask you to say, I want you to guess and say what you 
think I've asked you to say. Also, if you don't hear all 
the words I ask you to say, I don't want you to feel bad. 
Just do the best you can. Pretty soon I'll ask you to take 
another surprise from the box. 
-5 dB S/N list. I have one more group of words for 
you to listen to. This time my voice is going to be 
quieter still, and I want you to guess and say what you 
think I asked you to even if you're not sure'what it is. 
Pretty soon I'll have you take one more surprise and. then 
I have another special surprise for you when we're all 
through. 
Appendix B 
WORD LISTS 
+30 S/N List 
1. please 14. rag 27. bath 40. neck 
2. great 15. put 28. slip 41 . beef 
3. sled 16. fed. 29. ride 42. few 
4. pants 17. fold 30. end 43. use 
5. rat 18. hunt 31 • pink 44. did 
6. bad 19. no 32. thank 45. hit 
7. pinch 20. box 33. take 46. pond 
8. such 21 . are 34. cart 47. hot 
9. bus 22 . teach 35. scab 48, own 
10. need 23. slice 36. lay 49. bead 
11 . ways 24 • is 37. class 50. shop 
12. five 25. tree 38. me 
13. mouth 26. smile 39. dish 
+10 S/N List 
1 . sled 14. are 27. such '40. teach 
2. bead 15. scab 28. shop 41 • thank 
3. pinch 16. tree 29. pants 42. hunt 
4. hit 17. pink 30. few 43. lay 
5. ways 1 8. fold 31 . five 44. rag 
6. beef 19. dish 32. me 45. neck 
7. put 20. mouth 33. fed 46. need 
8. class 21 . use 34. end 47. did 
9. no 22. bus 35. box 48. bad 
10. take 23. hot 36. cart 49. own 
11 . slice 24. rat 37. is 50. great 
12. ride 25. please 38. smile 
13. bath 26. pond 39. slip 
36 
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0 S/N List 
1. pinch 14. five 27. hit 40. smile 
2. own 15. use 2 8 .  need 41 . fold 
3. put 16. pants 29. class 42. pond 
4. neck 17. box 30. hunt 43. cart 
5. slice 18. pink 31 . ride 44. teach 
6. thank 19. slip 32. me 45. take 
7. scab 20. bath 33. tree 46. rag 
8. is 21 . lay 34. end 47. beef 
9. dish 22. no 35. mouth 48. are 
10. fed 23. did 36. few 49. bead 
11 . hot 24. ways 37. rat 50. bad 
12. such 25. sled 3 8 .  shop 
13. please 26. great 39. bus 
-5 S/N List 
1 . put 14. sled 27. neck 40. no 
2. bead 15. mouth 28. rag 41 . smile 
3. scab 16. box 29. is 42. pink 
4. take 17. ride 30. pond 43. few 
5. hot 1 8 .  lay 31 . such 44. five 
6. fold 19. bus 32. shop 45. me 
7. slip 20. please 33. pants 46. fed 
8 . tree 21 . cart 34. end 47. are 
9. use 22. dish 35. bath 48. own 
10. rat 23. beef 36. hunt 49* teach 
11 . did 24. slice 37. ways 50. think 
12. class 25. pinch 38. great 
13. hit 26. bad 39. need 
Appendix C 
RELEASE FORM 
Dear Parent: 
The University Speech and Hearing Clinic is doing 
a study involving the hearing abilities of young children. 
The study needs children who have normal hearing, who have 
had normal health and development, who are between the ages 
of four and. seven, and who are girls. Each child will 
receive a brief screening test for hearing and then will 
listen to words through earphones which she will repeat 
back to the examiner. The total test for each child will 
take about one-half hour and will be done in the University 
Speech and Hearing facilities. Testing will be done at a 
convenient time for you. Permission to use your child in 
the study is greatly appreciated, and if this is possible, 
please fill in the information below and return to the one 
doing the testing. Please feel free to call the number 
below if there are any questions. 
Sincerely, 
Yes, I give permission for my child to take part in the 
study. 
Signed (Parent) 
Telephone 
Child's Name 
Age 
Birthdate 
School (if any) 
3S 
Appendix D 
SAMPLE SCORE SHEET—PBK LIST: S/N +30 dB 
Name 
Age 
Birthday __ 
Subject Number 
Inc. Pause 
1. please 
2. great 
3. sled 
4. pants 
5. rat 
6. bad 
7. pinch 
g. such 
9. bus 
10. need 
11. ways 
12. five 
13. mouth 
14. rag 
15. Put 
16. fed 
17. fold 
Date 
o/0 Correct 
1" Incorrect 
Total Time 
Inc. 
18. hunt 
19. no 
20. box 
21 . are 
22. teach 
23. slice 
24. is 
25- tree 
26. smile 
27. bath 
28. slip 
29. ride 
30. end 
31. pink 
32. thank 
33. take 
34. cart 
39 • 
Inc. Pause 
35. scab _ 
36. lay 
37. class 
38. me _ 
39. dish 
40. neck 
41 . beef 
42. few 
43. use — 
44. did 
45. hit 
46. pond _ 
47. hot 
48. own 
49. bead 
50. shop 
COMMENTS: 
APPENDIX E 
RAW DATA OBTAINED FROM EACH OF THE AGE GROUPS 
FOR EACH OF THE SIGNAL TO NOISE LISTS 
Percent Scores for 4-Year-0Id.s 
Subject +30 dB S/N +10 dB S/N 0 dB S/N -5 dB S/N 
1 90 58 14 __a 
2 94 76 20 ~6 
3 100 86 36 2 
4 92 80 42 10 
5 94 68 22 
6 94 74 14 0 
7 84 46 2 
8 78 60 26 — _ 
9 98 68 1 8 4 
10 80 20 4 2 
11 92 40 10 — —  
12 84 26 6 _ — 
13 90 36 6 
14 80 28 6 
15 82 16 2 
16 90 42 2 
17 96 78 28 — —  
1 8 96 74 12 
19 96 60 1 8 
20 93 65 20 — — 
aIndicates that this S/N list was not given for 
reasons discussed in Chapter 4. 
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Percent Scores for 5-Year-Olds 
Subject +30 dB S/N +10 dB S/N 0 dB S/N -5 dB S/N 
1 92 82 30 a 
2 92 76 36 8 
3 96 66 20 0 
4 94 68 24 6 
5 go 56 26 4 
6 90 64 12 2 
7 96 4.8 16 2 
8 66 22 10 2 
9 84 38 6 2 
1 0 70 26 2 0 
11 88 32 2 0 
12 86 52 20 4 
13 96 $6 10 2 
14 92 80 30 6 
15 96 50 2 2 
16 100 76 34 4 
17 94 56 8 
1 8 98 72 8 0 
19 94 80 18 4 
20 96 70 12 4 
aInd.icates that this S/N list was not given for 
reasons discussed in Chapter 4. 
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Percent Scores for 6-Year-01ds 
Subject +30 dB S/N + 10 dB S/N 0 dB S/N -5 dB S/N 
1 90 78 28 2 
2 94 82 44 4 
3 96 88 48 22 
4 74 50 14 2 
5 94 72 24 8 
6 98 74 12 2 
7 98 80 30 1 0 
8 92 62 16 6 
9 74 22 8 0 
10 74 44 4 2 
11 74 
84 
34 4 0 
12 24 4 0 
13 88 48 14 a 
14 96 84 20 6 
15 98 78 14 4 
16 88 58 10 0 
17 96 84 10 4 
1 8 92 90 22 10 
19 96 74 16 2 
20 94 80 14 2 
GIndicates that this S/N list was not given for 
reasons discussed in Chapter 4. 
